. LSV curves for the OER on 40 nm, 120nm and 250 nm LSC films grown on LAO substrates Figure S3 . The resistances of liquid electrolytes obtained from electrochemical impedance spectroscopy for the 40nm and 120nm LSC/LAO films, which were found to be independence of the film thickness. 
S1: Oxygen non-stoichiometry of the LSC thin films estimated from HRXRD results
The lattice volume of mixed electronic and ionic conducting oxides depends on both the temperature and oxidation state, which are normally described in terms of the oxygen-defect, i.e. oxygen vacancy and oxygen interstitial, concentration. Such dependencies can be quantified using thermal expansivity (β T ) and oxygen-vacancy chemical expansivity (β C ):
Where V is the specific volume, T is temperature, P is total pressure and x v is the oxygen-vacancy mole fraction defined as x v =δ/3, δ is the oxygen non-stoichiometry in ABO 3-δ (here we only consider the oxides with oxygen vacancy as the dominated defects).
When the thermal expansion is not considered for the case of constant temperature, one can estimated the changes in oxygen non-stoichiometry (Δ δ) based on the volume expansion (ΔV/V) and the oxygen-vacancy chemical expansivity (β C ) (equation (1) [1] They found the chemical expansion in the LSC family of materials follows a "universal" correlation as the following:
Applying the empirical correlation between β C and x v obtained by Chen et al. to our LSC thin films, we can get the following correlation between the change in the unit cell volume and the oxygen non-stoichiometry.
The relative changes in Δδ can be estimate based on the experimental ΔV/V value obtained from HRXRD (Table 1) , with the assumption that the reference state (as prepared LSC/LAO) was with only very small amounts of oxygen vacancies.
S2: Pulsed Laser Deposition Target synthesis
LSC powder was synthesized using a solid-state method. Stoichiometric amounts of La 2 O 3 (which was calcined at 1000 ℃ in air for 2 h before weighting to remove absorbed water), SrCO 3 and Co 3 O 4 were dissolved in ethanol and mixed by ball milling for 8 h, and the mixtures were then calcined at 1000 ℃ in air for 4 h to form a perovskite LSC phases. To preparation of LSC target, the LSC powder was grinded with PVB-ethanol solution for 30 min, and then was pressed into a pellet under a pressure about 300 MPa .
The pellet was calcined at 1100 ℃ in air for 12 h to form the PLD target. 
